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Overview B g

 Background

» Definition of Adaptation

- Western Australian dryland agriculiure

« Past and Future Climate Changes (rainfall, temperature & CO,)
« Adaptation to climate change-past & future

« Greenhouse gas emission

« Case studies (Australia, China and India)

« Conclusions
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Study at an
internationally
recognised
university

Ranked in the

world’s tO p

100

- 4'\'

Well-established
industry partnerships

GROUP

MEMBER
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AUSTRALIA

UWA is a member of

the ‘Group of Eight’ —

a coalition of the best

research-intensive
universities in Australia.
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Nobel Laureate

Start V/Start Y/S Cort B2
Ahead Ahead Atﬁégd Ahead

« UWA medicine graduate, Recognion (Y copmen ’
1974 & g ) 11/?

* Nobel Prize for Medicine or ‘
Physiology, 2005

* Director of The Marshall
Centre for Infectious
Diseases Research and
Training

* Professor of Clinical
Microbiology
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The UWA Institute of Agriculture
Annual Research Report 2024

Agriculture

Ch Ren

Sustaining productive
agriculture fora
growing world

https:.// www.uwa.edu.au/institutes/institute-of-agriculture/-
/media/uwa-institute-of-agriculture/documents/annual-reports/ioa-
annuadl-research-report-2024.pdf
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UWA's Key Collaborators DY, WESTERN

Global
Research Area: 30 Agriculture

Northwest A&F University - China

University of California Davis
Consejo Superior de Investigaciones Cientificas (CSIC)
Lanzhou University e Q
Yangzhou University e

Swedish University of Agricultural Sciences 9
Ao \ ||

Chinese Academy of Sciences

e Indian Council of Agricultural Research (ICAR)

Islamia University of Bahawalpur e
h N ] hi \ \
Southwest University - China e\ : '1 P Institute of Soil & Water Conservation (ISWC), CAS
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—————— | University of \

Western Australga
China Agricultural University

Institute for Adriatic Crops and Karst Reclamation Split

Sultan Qaboos University o ' )
E A o
International Crops Research Institute for the Semi-Arid-Tropics (ICRISAT) B || \ e Chinese Academy of Agricultural Sciences
N Adelaide University

University of Copenhagen

Nanjing Agricultural University
CGIAR

Foshan University

Ministry of Water Resources
University of California System . . . .
University of Chinese Academy of Sciences, CAS University of Agriculture Faisalabad




Indian Institutions
2020-2026

Research Area: 30 Agriculture

Lovely Professional Unlver5|ty
Indian Council of Medical Research (ICMR)
University of Petroleum & Energy Studies (UPES)

@
°°

Central University of Kashmir
Kalyani University

: |
Council of Scientific & Industrial Research (CSIR) - India o

II
'/"_._'
v
Osmania University °_\ /

Amrita Vishwa Vidyapeetham Amritapuri

Shoolini University '

Central University of Punjab

/ \
Jamia Hamdard University

\
CCS Haryana Agricultural University

Amity University Noida

Sher-e-Kashmir University of Agricultural Sciences & Technology of Kashmir (SKUAST Kashmir)

UWA's Key Collaborators

\“*4 University of
° — -J-—~Western Australlh
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Indian Council of Agricultural Research (ICAR)

e International Crops Research Institute for the Semi-Arid-Tropics (ICRISAT)
o a Panjab University

Punjab Agricultural University

Aligarh Muslim University

»..\\.

Amrita Vishwa Vidyapeetham

o Ch. Sarwan Kumar Himachal Pradesh Krishi Vishvavidyalaya

i ° Bidhan Chandra Agricultural University
(7 )
V"‘-—'-:—‘_"

o Department of Biotechnology (DBT) India

Amrita Vishwa Vidyapeetham Coimbatore
National Institute of Plant Genome Research (NIPGR)
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0. q ¢ Food Ecology

Open Access with Excellence

Website: https://www.oaepublish.com/foodecology

Food Ecolog)

Editor-in-Chief Honorary Editors-in-Chief

Kadambot Siddique Rattan Lal Yongguan Zhu

Founded: 2025
Publishing Model: Golden Open Access
Peer review: Single-blind

APC: FULL WAIVED (Until 2027)

==i: B 1% shieie.
l_ 3. Senr
e el

Editorial WeChat Journal Website

Contact Us: editorialoffice@foodecojournal.com

Scopes

Sustainable Agriculture * Soil Health « Water &
Ecosystem Management

Food Science ¢ Nutrition * Food Safety
Climate-Smart Agriculture

Biotechnology ¢« Genomics * Microbiology
Precision Agriculture

Circular Bioeconomy ¢ Policy ¢ Biodiversity ¢
Sustainable Food Systems

Manuscript types

Research Article * Review * Mini Review ¢ Short
Communication
Research Highlight  Perspective

Why Choose Us?

High Starting Point: Target IF 25

Full APC Waived (Until 2027)

Fast-Track & Priority Publication

Global Promotion (EurekAlert, AlphaGalileo, Twitter,
etc)

High Visibility & International Impact



The Go8 is Coming to India

The University of Western Australia (UWA) is preparing

to bring world-class education and research to India.

 UGC approval: UWA became the first Group of Eight university
approved to establish campuses in India.

« Itis the only Foreign University establishing 2 campuses in the top 2
economies in India — Chennai and Mumbai.

+  Our planned campuses will offer a diverse portfolio of undergraduate

and master’'s degree programs, beginning with: 9
Mumbai

¢

Chennai

+ Science, Technology, Engineering and Mathematics (STEM)
* Business and Commerce
« Thisis the first phase of rollout with an aim to look at the needs of the
Indian economy and support a diversity of courses.
« Mol with Science and Technology Clusters for the Office of the
Principal Scientific Advisor to Hon. Prime Minister of India: around

collaboration in research, science and technology initiatives centred

on agritech, med tech and blue economy in phase 1.

*  Micro credential collaboration: building jointly recognised dually

E;E;t@,_t THE UNIVERSITY OF

Yy WESTERN
%? AUSTRALIA

awarded micro credentials in Al & Cyber Security with HCL Tech and

Tailings & Critical Minerals with Federation of Indian Mining Association.




Progress to Date

Significant progress has been made since the August 18 Briefing across governance, academic, commercial and
operational areas to position UWA for the successful establishment of the India IBC.

Sites secured in Chennai and Mumbai a tangible
milestone, showing commitment in-market.

Staff recruitment underway including the appointment of
the Chief Operating Officer, Mr David Das

Application are live on india.uwa.edu.au for students to
apply for courses.

UWA have established global engagement offices to
establish stronger and deeper partnerships across India.

a Call to action: Encourage students fo apply now on the e -
portal; encourage talent to apply for jobs advertised on F™ THE UNIVERSITY OF
the UWA India portal; encourage strategic partnership / " WESTERN
14 collaboration opportunities through the UWA India portal AUSTRAL]A
- live now ©
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Five global challenges ¥ WESTERN
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Population (billions)

World Population: 1950-2050
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3 Billion

1950
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1980

1990

2 2000

| 2010
2020

2030

2040

2050

Feed the increasing world
population;

. Meet projected energy demands;
. Manage greenhouse gas emissions

and adapt to climate change/
variability;

Preserve natural ecosystems and
biodiversity;

. Maintain global security.



Adaptation T

e AUSTRALIA

Adaptation is defined as: “adjustments made in
response to stress”

Adaptation should be based on process to minimise the potential
negative impacts of variable climate;

Successful adaptation enhances a system’'s ability to deal with
uncertain future change.



Top 50 Countries — agricultural land g3 iz
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(i Globally there are 18.1M mi’of |

 arable farm land, roughly equal to | .
' ' the size of two North Americas. |

.........................




World drylands

Dryland comprise 41.3 %
of the global terrestrial area

Dryland Systems
. in percent of the global terrestrial area
Hyper-arld lo 1 1 L 1 110 1 1 L 1 210 A1 1 310 L 1 1 L 410‘} 1 414 °/°
Arid : - . .
Surface Area Pry subhumid Semiarid Arid Hyper-arid

Semiarid
Dry subhumid Population

[“ L L 1 1 | § | 1} L J | l L} T 1 T LS L} L) ] T L

0 10 20 30 t 40 4%

Source: Millennium Ecosystem Assessment in percent of the global population

Drylands are home o 34.7 % of the global population in 2000
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Emission GCM
Trajectories Projections

Downscaling

The \

Climate change and
adaptation

] Impact and
Uncertainty  Vulerabiiy
Cascade v

Adaptive Response
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Climate change will depress agricultural yields in e o RETTI
most countries by 2050 given current agricultural S/ AUSTRALIA
practices and crop varieties

Percentage change in yields between present and 2050

T O
50 -0 0 20 % 00

Source: Midler and others 2009,

Note: The figure shows the projected percentage change in yields of 11 major crops (wheat, rice, maize, millet, field pea, sugar beet, sweet potato, soybean, groundnut, sunflower,
and rapesesd) from 2046 to 2055, compared wath 1996-2005. The values are the mean of three emission scenanos across five global climate models, assuming no CO; fertilization
(see note 54). Large negative yield impacts are projectad in many areas that are highly dependent on agriculture.
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Global production of primary crops & WsTery
'WORLD’S AGRICULTURE PRODUCTION

Global production of primary crops has generally increased since
2010, with almost all crop categories recording double-digit growth,
according to latest FAO data. The global area harvested increased by
197 million hectares between 2010 and 2024, to 1.5 billion hectares.
While oil crops, roots and tubers, pulses and vegetables showed
predominantly area-driven growth, improved vields primarily drove
the growth of cereals, fruits and sugar crops production...

Major primary crops: Production and area, 2024

eg.b A
e [_worid | %change | indiashare b [ TR

Cereals [JEXEEE] mm 74 ﬁm

Sugar Crops [JEEELE w B - T

Oilcrops PEYIN 61 H 3519 BEETAN 126

Vegetables SV 124 H see | AU 154 |

Fruit VO 118 H esa | TT N 103

Roots & Tubers 25 HEETE:ETE 2+ EESE

E—) Pulses 332 EEXE BTN 1«2 EEXE
Fibre Crops”* YA 210 H 381 TR 355 |

*Over 2010; “Fibre Equnvalent Source: Agricultural productlon

A

atistics 2010-24
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Australia: wide range of climate & WEsTERY

- Equatorial Australia  _

o,

« Tropical

- Subftropical
« Desert
 Grassland

« Temperate = Equatorial

Source: Farm Weekly 01/2012
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Area of agricultural uses
| [ | [ [

Grazing native

vegetation 283.37
— l
Grazing modified
pastures 4141
Cropping including |
> crop/pasture [l 21.08
: rotation

Horticulture | 0.46

0 50 100 150 200 250 300
million hectares

Agricultural land

(O Grazing native vegetation @ Cropping including crop/pasture rotation (O Other uses
(O Grazing modified pastures @ Horticulture * (O Wheat-sheep

Source: ABARES Insights March 2023
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Australian agriculture is export

oriented
o I Je

Sugar Beef & veal Mutton & lamb

84% 78% 78%

g QS O

Canola Wheat Rice

65% 67% 92%

2199 000

Dairy prgducts Fruit &nnuts Pig & poultry
of agricultural production is exported 39% 33% 6%

Source: ABARES Insights Snapshot of Australian Agriculture 2024
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CThe T est Australian

Agriculture  Climate Change Countryman  Environment Retail

Climate change driving up food prices with warning bare
shelves to become more common, new report warns

Projected changes in
key climate variables

Thémxaln:;;vorl; ¥
by 2030 relative to 1990

Farmers' report warns climate crisis puts Australia’s
food supply at increasing risk

- ) ’ - tT - - “ he supply
MATT JOHNSTON Bartos, examines the impact of  will be times when supply chain
lost food, less water, and fewer risk management plans will be
THE price of meat, bread, dairy  days to transport livestock as overwhelmed and fail, and
and fruit is being driven up by some of the factors contribu- parts of Australia will run out of
climate change’s impact on tingto costincrease. food,” he said. temperatu re D
food supply chains and the hip
pocket pain is set to get worse.

Anew o ommisoned__ Climate change forcing up food cost: report ] oc ¢ 5 1 12
AUSTRALIANS can expoct % W $ ¥ . ‘ p be transportnd i exrerme rainfall

[ .
% -6 -4 -2 1

Aussies paying more for gr6ceries as
climate change disrupts supply chains:
Farmers for Climate Action report

a' Jamieson Murphy fa rmers fO r
¥ @jamiesonmurph - -
climate action

evaporation " @

1 | | =
% 2 25 3

brs.gov.au - decision mal tion in economics @DANE




Mediterranean zone of Australia % Westiry

« Climate: cold wet winters and hot dry summers;

* 16 million ha of arable land in WA;

* 4,000 farmers, average farm size 4,000 ha
“!lnpu_l,lﬂl“
o

320 )
([

i
Wheat, barley, canola, grain

and pasture legumes and
sheep



Rainfall southwestern Australia W), WESTERN

Annual rainfall
Southwestem Australia (1900 to 2023)
1100 1 Austmlian Bureauof Meteom bgy L 1100
1000 - 1000
900 - - ‘r 900 Lack of very wet
Soutnwestern .
= / years & decrease in
g 800 800 variability
s
£ 700 700
[1+]
o
600 G600
2010 - driest year

500 on record

400

1900 1910 1920 1930 1940 1950 1960 1970 1P8O 1990 2000 2010 2020
Year

Significant drop in rainfall in southwest WA in the mid 1970’s

Source: Bureau of Meteorology
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800 GL 4 ll
l

600 GL Tlle % *
|

wooe T L Impacts
SW WA

200 GL o s 11 I o fl
- - — - I N
w [ 1=] (1= w = (=]
[ s (=] [=n) =] )
= = = = = =
1911 - 1974 (420GL) 1975 - 2000 (238GL) = 2001 -2009 (137GL)

2010 - 2020 (70GL) ® Annual Total

https://www.watercorporation.com.au/water-supply/rainfall-and-dams/stre amflow/stre amflownhistorical
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SW WA is getting hotter \_FHEIEN

Annual mean temperature anomaly
Southwestemn Australia (1910 to 2023)

Australian Bureauof Meteom bgy Four
— hottest
' 1 years on
s record
O
<
> 0.5 1 0.5
1] s
= Southwestern
(=]
&
@ 0 0
—
=
©
g
£ 05 r 0.5
2
[ =1
@©
@
= 1 -
15 1 F-1.6
1910 1920 1830 1940 1950 1960 1970 1980 1890 2000 2010 2020
Year

Based ona 30-yearclimatology (1961-1990)

Source: Bureau of Meteorology http://www.bom.gov.au/cgi-bin/climate/change/timeseries.cgiegraph=tmean&area=swaus&season=0112&ave_yr=0&ave_period=6190
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Australian agriculture & climate
change

e Lower average autumn & winter rainfall
e Increased seasonal variability

e Increased risk of prolonged drought

 Higher average temperatures and
evaporation rates

e More intense tropical cyclones




“Big” questions in climate
change and agriculture

 Whatis the impact of climate
change on agriculturee

 What are the risks & opportunitiese

« Will farmers/industry be able to
adapte

« Whatis needed to adapte
 Whatis the impact of adaptation?

rainfall

A

Y

¢

THE UNIVERSITY OF

WESTERN

e AUSTRALIA

temperature

&
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light
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Climate change adaptation: current WESTERN

Se? AUSTRALIA

research & fraining at UWA

Climate ready crops and animals (smart genetics and
physiology)

« Conservation agriculture

Green house gases (carbon dioxide, nitrous oxide and
methane)

Soil fertility, biology and carbon sequestration

Biotechnological tools and biophysical and economic
modelling approaches

UWA Farm Ridgefield, Pingelly

Partnership with farming community and industry

Undergraduate and postgraduate programs

International collaboration



THE UNIVERSITY OF

WA Grain production 2001-202¢

Production ('000's mt)

@ AUSTRALIA
30,000
Australian winter crop production, 2025-26
g %7 Total winter crop
25,000 = -‘i1 66.3 Mt
W 2nd largest

:_3 Wheat f) Barley Canola

o “3seMt U/ asTme ﬁh 72Mt
20,000 N T3rdlargest Record <~ “Znd largest

&2

15,000
10,000 !
5,000 I

S P PP P A
Y FFF gbp
PP AP

p‘b%po‘ NS IR PN NS \b‘
P

AN AR
0(19\(9\(19\“'(\9

m\Wheat = QOats ®lLupins ®Pulses ®Canola ®Bardey

Australian Crop Report Dec 2025



WA wheat Yield WESTERN

e AUSTRALIA
2.4

2.2
2 >20 kg/ha/yr #

-5.2 kg/ha/yr

Yield (t/ha)

o
o

0.4 5.6 kg/ha/yr

0.2

0
1860 1882 1892 1902 1912 1922 1932 1942 1952 1962 1972 1982 1992 2002 2012 2022

Year



Decoupling agricultural production and GHG emission? e unesmor

"WESTERN
AUSTRALIA
Resource Farming
Farm - availability technology "
manager | @ @ Crop input
Soil and . Dwers-fying cr0p rotations | Various
environmental = Optimizing fertilizer amount, time, and rate @ relevant
conditions = |mproving fertilizer-N use efficiency ok
= Including N,-fixing pulses in rotations policies
= Sequestering more carbon back to the soll
» Adopting low-soil-disturbance practices
* Reducing summerfallow in rotation sequences )
A ‘Decoupling’ :
Increase crop ' : Reduce GHG
yields ‘ ~ emissions
< 7 7 -
Social Societal Soil and
economics values environment
Farming profitability Resource conservation Soil and water quality
Local community development Land use efficiency Eutrophication
Rural employment Rural community development Soil fertility & health
Farm sustainability Consumer perspective and satisfaction Environmental sustainability

Land Degrad Dev. 2018;29:4348-4361.



FGUNE 1 EXTENT OF NO-TILLAGE ADOPTICN WORLIJANDE

\wnn— © triege Leekon beclyns) 210840

Lero tillage - key to
conservation cropping

- minimum soil disturbance ]
- stubble retention :
- widely adopted around the world — i i
- mainly in developed countries et e

Strong benefits

« early sowing

e higher yield potential

e savings - time, machinery, fuel

e better soil structure (OM)

e better soil-water dynamics (porosity)
e better nutrient recycling (NPK)

e improved trafficability

e |ess pollution

e |less erosion

e C sequestration (1%C = 33t/ha)




Conservation Cropping Package X‘(JES%EEB%

« Stop ploughing

* If needed, kill weeds at sowing with glyphosate

* Plant early

 Use ZT seeders for all crops

« Use good quality seed of best adapted varieties

* Reduce seed rates; 50-100kg/ha cereals; 100-150kg/ha pulses
« Sow consistently at optimum depth (4-6¢cm)

« Use best fertility & weed/disease/pest management

* |nclude non-cereals in rotation

» Keep stubble if possible - don’t burn

* Graze stubble if needed - doesn't cancel ZT benefits
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WESTERN

Make sure that every drop
of rain goes in for potential
use by the crop




N WESTERN

VAUSTRAUA
No-Till technology
with high levels of
stubble retention

= Yield / crop water use (Rainfall + stored — evaporation)
= 2000 kg/ha / (129mm + 81mm stored) - 80mm evaporation
= 15.38 kg/mm/ha
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Timescale of no-till

Initial
Phase
* Rebuild
aggregat
es
e Low OM

s Low
residue

* Require N
- Immob N
> Min

0-5 Yrs

Source: Dr Ken Flower

Transition
Phase

5-10 Yrs

Consolidation

10-20 Yrs

THE UNIVERSITY OF

N WESTERN
AUSTRALIA

Maintenance

>20 Yrs




Benefits of zero tillage increases % iRy

with time

« Data from 25 long term experiments
for number of different crops-
Australia, China, Mexico, Brazil,
Spain, U.K and USA;

« The regression of relative yield
difference between zero tillage and
convectional tillage showed a slight
increase in yield with zero tillage
over time.

Farooq, Flower, Jabran, Wahid & Siddique (2011). Soil & Tillage Research.

120 -

100 -

(o]
o

Relative yield difference (%)

-60

-80

-20 {8#?

-40 -

y = 0.444x - 0.22
R? = 0.037, P = <0.001, n = 499

10 20 30 40 50
Years under the system



Water Saving Options — Plastic = R
Mulch, Gansu Province, China

# AUSTRALIA

-

B
:Gcn, Siddi
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Yield: 7000 11000kg ha-
WUE: 19-30 kg-ha-1-mm-1
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7-10 kg ha- -mm-1

"’ﬂ T R o Ve




Muharmad Farcoq - Kadambot Sddique  Editors
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Cooservation agriculture— consisting of four components including permanent soil
cover, minimum soil disturbance, diversified crop ratations and integrated weed
management—is considerad the principal pathwar to sustainable agriculture and the
conservation of natural resources and the evironment. In thisbookleading researchers
in the field describe the basic peinciples of conservation agriculturs, and synthesize
recent advances and developments in conservaticn agricultore research. This hook is

a ready reference on canservation agriculturs and reinfocces the understanding for Mu ha m mad Fa rooq

its utilization to develop environmentally sastainable and profitable food production

systems. The book describes various elements of conservation agriculture; highlights Kad a m bot Sidd iqu e Editors

the associated beeading and modeling efforts; analyses the experiences and challenges in
canservation agricultire in different regions of the workd; and proposes some pragmatic

C t .
A | | t

spg anbippis - boosey

options and new areas of research in this very important area of agriculture. This boak
is an invaluable source of information for scientists, teachers and students in the fields
of agronomy, farming systems, ecclogy and environmental sciences.

aIn)|muby uoleAIdsu0)

U Sclences
I5eN 97E-3-219-11610-8

S ) Springe

> springeccem




Australia’s greenhouse gas

emissions

CO,
equivalent

Agriculture 17% (CH, = 12%)

Land-use change, Forestry

Transport

Industrial processes

‘Fugitive emissions’
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The Biology of Enteric \\\aincmns W (TLSTER

@ AUSTRALIA

Methane energy: 55 MJ/kg

6-10% of Gross Energy Intake(GEl)
3-4 times bigger than Meat or Wool Production
Largest inefficiency in ruminant production

Prevent CH, Emission
= Prevent Energy Loss

More  energy »
from every mouthful




Measuring U5 inens production WESTERS
From Laboratory to Landscape
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Australia’s €, Mitigation
Research

1) Novel Forages

01 €, (mL/g dry matter)

101 1M1 121

Australian Nahvo Plant

1 11 21 31
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UWA Farm Ridgefield
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Best Solution: Shrubs +
Inter-row
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Integrated farming with intercropping increases food
production while reducing environmental footprint

Qiang Chai®', Thomas Nemecek? ), Chang Liang“"’, Cai Zhao?®, Aizhong Yu®, Jeffrey A. Coulterd(, Yifan Wang?®,
Falong Hu?, Li Wang®', Kadambot H. M. Siddique®®, and Yantai Gan™'?

2Gansu Provincial Key Laboratory of Aridland Crop Sciences, College of Agronomy, Gansu Agricultural University, Lanzhou, 730070, China; "Agroscope, Life
Cycle Assessment Research Group, CH-B046 Zurich, Switzerland; “Pollutant Inventories and Reporting Division, Environment and Climate Change Canada,
Gatineau, QC K1A OH3, Canada; “Department of Agronomy and Plant Genetics, University of Mlnnesota St. Paul, MN 55108; “The University of Western
Australia Institute of Agriculture, The University of Western Australia, Perth, WA 6001, Australia; and "Agriculture and Agri-Food Canada, Swift Current
Research and Development Centre, Swift Current, SK S9H 3X2, Canada

Edited by Charles Godfray, University of Oxford, Oxford, United Kingdom, and accepted by Editorial Board Member Ruth DeFries June 10, 2021 (received for
review April 9. 2021}

Jtion: ‘system '"tegrat

Food security has been a significant issue for the livelihood of so\

smallholder family farms in highly populated regions and countries.

Industrialized farming in more developed countries has increased — Re‘aymg Within-

global food supply to meet the demand, but the excessive use of T arm field A
synthetic fertilizers and pesticides has negative environmental impacts. cool-W tati i
Finding sustainable ways to grow more food with a smaller environ- crops foraton P

mental footprint is critical. We developed an integrated cropping
system that incorporates four key components: 1) intensified crop-
ping through relay planting or intercropping, 2) within-field strip ,
rotation, 3) soil mulching with available means, such as crop straw, = Environment concerns
and 4) no-till or reduced tillage. Sixteen field experiments, con- - H|ghfood demand
ducted with a wide range of crop inputs over 12 consecutive years = Low arable land
(2006 to 2017), showed that the integrated system with intercrop- = Scarce wgter
ping generates significant synergies—increasing annual crop yields * Low farmincome
by 15.6 to 49.9% and farmm net retums by 39.2% and decreasing the

environmental footprint by 17.3%—when compared with tradi-

tional monoculture cropping. We condude that smallholder farmers s
can achieve the dual goals of growing more food and lowering the 4 Interspecies interaction Vigorous maize growth
environmental footprint by adopting integrated farming systems. —_ Coordinated competition  Resources from both strips
PNAS 2021 Vol. 118 No. 38 2106382118 = Water/nutrient sharing ‘Compensatory effects’

Reduced

carbon foolprint !l

During co-growth period  Postharvest cool-season crop
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Crop productivity and carbon footprints of
monoculture versus relay-planting systems. (A)
Grain yield, (B) straw biomass, and (C) net
returns for monoculture peda, monoculture
maize, and monoculture wheat, relative to pea
+ maize and wheat + maize relay planting. The
carbon footprint was determined per unit of (D)
grain yield, (E) straw biomass, and (F) net return.
Percentages in each pair of bars denote mean
differences between monoculture and relay
planting, n represents the number of paired
comparisons, and * and ** denote that the
mean difference between pairs is significant at P
<0.05 and P £0.01, respectively.

PNAS 2021 Vol. 118 No. 38 2106382118



Pulse crops in cropping systems P LSTERN
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The beneficial role of pulse crops in
cropping systems. Pulse crops can
be typically no-till planted (a) in
rotation with cereals, with (b)
numerous nodules on plant roots
that fix N2 from the atmosphere,
leading to significant benefits to
the cropping systems, such as (c)
reducing the use of inorganic N
fertilizer, increasing soil organic
carbon, and decreasing the
carbon footprint of
agroecosystems

Land Degrad Dev. 2018;29:4348-4361.
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| P-mobiliéing Non;P-mobilizing | Fe- or Zn-mobilizing ' Non-Fe- or Zn-mobilizing | @ WESTERN
crop species Crop species l crop species crop species U AUSTRALIA
> Interspecies ./ . Interspecies s,

interaction interaction
—

e
<

Potential nutrient mobilization and sharing

<

¥
(

— within the rhizospheres of relayed crops.
“##X;~ P movement, \ ;
f;_.} Z3 ,\ e / \ ‘ ) deffici 2N (A) P as an example to illustrate possible
5 P/P' ¥ 1 interspecific facilitation for nutrient
- P D sharing between nutrient-mobilizing
/ \P | : - and non-nutrient-mobilizing crop
phylosiceraphoresie, an' | species in relay systems, and

(PS)

Phosphatase
Fe(lll) zn2+ ::iji';c'-

ohytatase | 20il organic
phosphorus

(B) two essential micronutrients—iron (Fe)
and zinc (Zn)—as examples to illustrate

Protons — ’

Transferring nutrient (P)
between relayed crops

Sharing micronutrients
within the rhizosphere

possible nutrient enhancement through
belowground interspecies interactions
when two crops with contrasting growth
habits are relay planted in field strips
(adapted from ref. 21 with modifications).

PNAS 2021 Vel 118 No. 38 e2106382118
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Diversifying cropping systems VS WESTERN
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Diversifying cropping systems (a) are used
to replace conventional cereal-based
bRl s monoculture systems, leading to (b)
pfipdims T reduced carbon footprint of durum

P<0,01
wheat in the Northern Great Plains of
Pulse-oilseed-durum -22.4 o

A North America
‘iﬁ Qilseed-pulse-durum -29.1
& Cilseed-oilseed-durum -24.1
§ Qilseed-cereal-durum -17.7
Cereal-pulse-durum -20.6
Cereal-oilseed-durum -98
Cereal-cereal-durum 100
' 0.l10 0.'20 o.So 0.:10 0.2‘:0

CaBon AbIE &S Chseq 4y of graln) Land Degrad Dev. 2018;29:4348-4361.



Greenhouse gas emissions from &5 e
WA cropping systems
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Quantified Carbon footprint of grains production in WA

Carbon footprint of grains production is influenced by CO, emissions from the production and use of N
fertilisers, as well as soil nitrous oxide emissions

Because of efficient N fertiliser use and low nitrous oxide emissions from our cropping system, greenhouse
gases emissions from WA is low

_ 304 kg CO, equ per
Transportation of tonne of wheat
inputs and wheat

12%

CO, emission from
urea hydrolysis
(from paddock)

27%

Farm machinery
production

8%

N,O emissions |
from paddock |

9%

Production of
herg';’(');?'de Production of urea
() and superphosphate

35%

Source: Biswas et. al. 2008. Water and

Environment Journal 22: 206-216.



Innovations in Dryland
Agriculture

» Written by experts in the fieldPresents innovations in dryland
agriculture researchFocuses on sustainable and profitable food
production systems in drylands

In this book leading scientists in the field describe the basic principles of dryland
agriculture, and synthesize recent experiences and innovations in dryland agriculture
research and development. It is a ready reference on the subject and reinforces the
understanding for its utilization to develop environmentally sustainable and profitable
food production systems. Various elements of dryland agriculture are described,
highlighting associated breeding and modelling efforts, analysing the experiences and
challenges of dryland agriculture in different regions, and it proposes some practical
innovations and new areas of research in this critical area of agriculture. This book is
an invaluable source of information for scientists, teachers and students in the fields
of agronomy, ecology, environmental sciences, range management, land and water
management and sustainable livestock grazing systems.

Q Printed book @ eBook

Hardcover
» 214,00 € | £159.50 | $249.00
» *228,98 € (D) | 235,40€ (A) | CHF 235.00

Available from your library or
» springer.com/shop

THE UNIVERSITY OF

%Y. WESTERN
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Muhammad Farooq -
Kadambot Siddique Editors

Innovations

in Dryland
Agriculture

@ Springer
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Climate-smart agriculture strategies for South Asia to i
address the challenges of climate change: Identification

of climate-resilient agriculture practices for India,

Bangladesh, and Afghanistan

Nutan Kaushik®* ', Kadambot H. M. Siddigue®® "', Md. Saleh Ahmed®, Sayed Samiullah Hakimid *

IAmity Food and Agriculture Foundation, Amity University Uttar Pradesh, Noida 201313, Uttar Pradesh, India

YThe UWA Institute of Agriculture, The University of Western Australia, 35 Stirling Highway, Perth WA 6009, Australia
‘Kernel Foundation, Progress Kohinoor, Apartment No. B-2, House 18, Road 10, Gulshan-1, Dhaka 1212, Bangladesh
dHorticulture Department, Agriculture Faculty, Kabul University, Kabul, Afghanistan

* Corresponding authors. Emails: nkaushiksi@amity edu, kaushikn2oo8@gmail.com.

ABSTRACT

In South Asia, agriculture is pivotal for food and nutritional se- © The authors 2023

curity and the livelihood of more than so% of the population. LRCEPLE. e Wt licemcad s =
Creative Commons Attribution-

Food production and nutritional security pressures intensify as NORCOmmMarTial 40 Intermational License.

urbanisation decreases the agricultural land area amid population

growth. Climate change complicates this scenario by introduc- DOk 10,3085/t a0ty 1349

ing elevated temperatures, extreme climatic events, surging sea
levels, and increased soil salinity. Identifying climate-resilient
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Conservation Agriculture

FIGURE 2. Conservation agriculture in Kabul, Afghanistan.
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Intercropping

FIGURE 3. Intercropping demonstration.
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FIGURE 6. Floating bed cultivation.
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Relay cropping & NETER,

FIGURE 7. Relay cropping.
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Protected cultivation &, WESTERN

FIGURE 8. Protected cultivation.
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Hitech Nursery & WETERN

FIGURE 9. HITECH Nursery.
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Low raised poly tunnel ORI

FIGURE 10. Low raised poly tunnel.
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Zero energy cool chamber OPHSIIN

FIGURE 12. Zero energy cool chamber (ZECC), constructed by Amity University at Kabul University.



FEP™  THE UNIVERSITY OF

Zero energy cool chamber OPHSIIN

FIGURE 13. Turning colour tomatoes can be kept for 29 days in ZECC, Kabul University.



Source: ATSE Explainer Nov 2021
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Agricultural soil carbon sequestration
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European Journal of Agronomy
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Soil organic carbon improvement for mitigating crop vield losses under
global warming

Qinsi He *, Linchao Li®", Yu Shi“®, Puyu Feng“, Ke Liu®®, Shengwei Zhang *"% ",
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ARTICLE INFO ABETRACT

Keywonis; Rizing temperatures pooe a gignificant threat to crop production worldwide While many studies have examined
S"‘"'_u' properties the effects of warming on crop yieldz, the role of soils in crop-climate intsractions iz often overlooked. Thiz study
Clpale: Hungs L imrectigates how soil properties influence crop yield responses to increased growing season temperamres, waing
:T:‘m:' ity an emsemble of nine global gridded crop models and 37 CMIPS cdlimate models under three chared socio-

Climntre resilience

climate change.

economic pathway scenarios. Our findings show thas, during 19802010, 2 1°C increaze in temperature reaul-
ted in yield changes of —2.3 % for maize and + 3.0 % for soybean. Howewer, under future climate scenarios of
2050-2030, vields are projectsd tm decline by —$.6 % 1 —7.5 % for maize and —5.9 % w — 10.7 % for soybean.
Soil propertizg account for 51 % and 59 % of the spatial variations in temperanire genaitivity for global maice and
soybean yielda, rezpectively, with coil organic carbon (50C) emerging ag the most influsntial factor. loproving
50C through farming and ooil conservation practices is expectsd to reduce warming-induced yield loszes by
0.5-1.1 % T for maize and 1.5-2.5% CF for soyhean, particolarly in dryland areas Theoe benefits diminich
under more extreme warming ccenarios (ie, SEPSES5 wo S55P126), but can be amplified by adopding new cop
warieties with fixed growing seasomo. Our findings highlight the buffering effeckz of S0C on crop responces o
warming, suggesting a promizing ooil-based solution for building resilience in global food production under
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Comparison of temperature sensitivity and
random forest (RF) model predictions
across global grids:

Maize (a) and soybean (c) during the
historical period (1980-2010),

Relative importance of soil properties based
on model outputs (b) for maize and (d) for
soybean).

The dashed line represents the 1:1 ratio
line.
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Improved SOC-induced temperature
sensitivity changes for maize.
The central map shows temperature

sensitivity with improved SOC during 2050—
2080 under SSP126.

Each bar chart shows the mean values of
temperature  sensitivity under different
scenarios globally and across six continents:

Africa (a), Europe (b), North America (c),
South America (d), Asia (e), and Oceania (f)
and globally (g).

Gray bars show the changes induced by
improved SOC under each scenario.

BAU means
improvement.

scenario with no SOC
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Temperature sensitivity changes induced
by improved SOC in dryland (aridity
index <0.65) and non-dryland (aridity
index >0.65) regions for

maize (a) and soybean (b) during 2050-
2080. Box plots show the 25th and 75th
percentiles across 37 general circulation
models (GCMS),

with whiskers representing the 10th and
90th percentiles.

The line and circle within each box
indicate the multi-model median and
mean values, respectively.
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Integrated strategies for enhancing agrifood productivity, lowering
greenhouse gas emissions, and improving soil health

Li Wang,'-23* Gina Marie Garland,*° Tida Ge,%" Shigian Guo,? Endalkachew Abebe Kebede,® Chengang He,'® Mohamed Hijri,"-'2 Daniel Plaza-Bonilla,?
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PUBLIC SUMMARY

B |ntegrated cropping strategies can simultaneously enhance food production, reduce emissions, and improve soil health.
» Enhancing plant-soil-microbe interactions can enhance agroecosystem resilience by 15%-40%.

® Prioritizing CO, fertilization, along with biofertilization, can cut greenhouse gas emissions by 30%-50%.

B Legume-cereal intercropping can enhance system productivity while reducing environmental footprint.

m Second-order meta-analysis can synthesize comprehensive research to solve interlinked issues.
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Integration of the three pillars — more food, healthier g = viversmor
, . - : 7Y, WESTERN
soils, and fewer emissions — within the triple-goal A&/ AUSTRALIA

agrifood network

A 'triple-goal’ agrifood system

4 Three pillars , y" (2) Healthy soil . (3) Fewer emissions

Integration . crop diversity Aggregates CO,conversion
Genotype mix Microbial community N,O reduction
Precision agric. Endophytes Reduced N fert.
Climate smart farming Erosion control Stable C pools

Key drivers  Cover cropping Root exudates ‘4R'fertilization
Vertical production No-till C & N input & cycling
Intercropping Organic amendment Biological N fixation

Deficit irrigation Soil residue N Csequestration



THE UNIVERSITY OF

Four Industrial Revolutions PN WESTERN
s AUSTRALIA

Iron Plough Haber:Bosch Process
Mechanical Reaper Mendelian Gene’ncs

Cotton Gin Tractors 2
Telegraph Rail & Steamship 4

=

Telephone

~

Conirolled Traffic
Quantitative Gen%‘_s
Internet/Mobile Pht 56

Source: Agricultural Decision-Making meets the Fourth Industrial Revolution, Dr Andrew Moore, CSIRO 2018
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Harnessing the digital revolution for farmers & land managers

Real world
use cases

Common ICT
services and skills

Source: Agricultural Decision-Making meets the Fourth Industrial Revolution, Dr Andrew Moore, CSIRO 2018



Levels of adaptation in relation to
benefits from adaptation actions and

degree of climate change

A TR —
-~ -
rd
Transformational o
adaptation ,/
'
& /
-% I SR —p—
a -~
v} » _
o S[;’Stem-s // Climate change-ready crops
adaptation
: j /
= / Diversification and risk management
m
Ineremental Varieties, planting times, spacing

Climate-sensitive precision-agric

adaptation Stubble, water, nutrient and canopy management etc

Climate change

Source: Crop & Pasture Science L. Rickards and S.M. Howden 2012
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Strategies for Enhancing Crop Production

- Vertical increase in productivity Yield potential for rainted
through sustainable intensification of agriculture in Drylands
production systems |

« Closing the yield gaps
Exploitable

« Crop genetic improvement and new 65:75% I T
genetic gains for improved varieties

« Horizontal expansion

« Reduced post-harvest losses Yield ~  Attainable Average
Potentialin Yield in Farm
Research Farmers Yield
Trials fields



GROWER

GROUP
ALLIANCE

Together we grow

GGA Network

Over 60 Grower Groups in the

network representing around 4,000
producers

State-based, non-political,
producer voice for members from

all sectors of the industry focussed
on RD&E
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The Voice of the Agricultural Industry

“Adaptation will only take us part way
in dealing with the impacts of climate
change. More fundamentally,
Avustralia needs to tackle the root
cause of climate change, human
sourced emissions of greenhouse
gases. This will mean giving priority to
mitigation”.

“Early adoption of sustainable
practices also benefits businesses
supplying food to export markets. In
some markets this can create a
competitive advantage for Australian
products over those from other
countries where climate change
mitigation has not been pursued”.

Source: Fork in the road. farmers for climate action

“Adaptation alone will not be
enough...it must be paired with a
drastic and urgent reduction in global
greenhouse emissions if we're to avert
the extfraordinary crises that
unmitigated planetary heating would
bring.”

“Over the longer term, the most
important actions that both businesses
and governments can take will be to
reduce emissions of greenhouse gases.
Deep and lasting cuts in emissions in the
food supply chain will deliver long term
benefits to consumers, exporters,
farmers, food manufacturers, retailers,
and the many other businesses involved
in food production and distribution”.
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The Indian agriculture sector is a significant contributor
to the country's economy:

Projected market size of INR 67,406.43 billion by 2034,
growing at a CAGR of 8.28% .



Indian Agriculture Sector WESTERN
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Key Areas with Huge Potential

Horticulture: This sector is expected to grow, driven by increasing demand for fruits,
vegetables, and other horticultural products. The sector's production is 355 million tons.

Livestock and Fisheries: The livestock and fisheries sectors are emerging as robust growth
drivers, contributing significantly to agricultural GDP and employment.

Organic and Sustainable Farming: There's a growing demand for organic and sustainable
farming practices, with the organic farming sector expected to expand significantly.

Agri-Tech and Mechanization: Adopftion of Agri-Tech and mechanization is expected to
improve productivity and efficiency in the agriculture sector.

Export-Oriented Production: India has opportunities 1o increase exports of agricultural
products, particularly horticultural produce, to countries like the US, EU, and Middle East.



Climate Shocks and Poverty in WESTERN
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India

® Study by National Institute of Science Education & Research
(Niser) across 593 districts in 21 states
Poverty increasingly climate-driven, not just economic
Key climate shocks:
= FErratic rainfall
= Rising temperatures
= Floods & droughts
® Temperature variability is the strongest driver

= Mtemperature variation > +31.1% probability of poverty

® Floods and rainfall variability:
= Flood exposure > damages crops, infrastructure
= Unevenrainfall > reduces agricultural productivity

® Agriculture-dependent districts most affected
Source: Business Standard 12 Apr 2026
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Implications

® Drought + agriculiure dependence —

o Districts 83% more likely to be poor
® Social vulnerabillity:

o Higher Scheduled Tribe (ST) populations — higher poverty risk
® Economic structure matters:

o Strong tertiary (service) sector — reduces poverty

o Diversification improves resilience

Policy recommendations:
o Promote climate-resilient agriculture (drought-resistant crops,
iInnovative agronomy, smart irrigation)
o Expand non-farm employment opportunities
Strengthen disaster management systems
o Use region-specific policies instead of one-size-fits-all approaches

O

Source: Business Standard 12 Apr 2026



Wheat output may drop
to 110-120 mt

 India’s wheat production for the 2025-26 crop
year is expected to be 110-120 million
fonnes.

 The estimate was given by Food Secretary
Sanjeev Chopra.

* The reduction is mainly due to unseasonal
rains and hailstorms affecting major wheat-
growing regions.
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Wheat Output may Drop

to 110 12

Our Bureav

New Delhi: India’s wheat output
for the 20:25-26 crop year Is expec
ted to drop to between 110 mt and
120mtduetounseasonal rainsand
hail storms in the key producing
regions, ftood secretary Sanjeev
Choprasaidon Friday.

The Roller Flour Millers' Federa
tion of India has estimated pro
duction at 110.65 million tonnes,
marginally higher than last year's
106,85 million tonnes, factoring in
weather related losses,

Earlier, the agriculture ministry
had projected output at 120.21 mt,
up from 117, mt before the condi
tions turned adverse,

“Thefigure given by the agricultu
re ministry was 120 mt, but that was

t Food Secy

oy
iy

prior to lhl' rainfall,.. The reality
will be somewhere lx*twm-n 10 mil
lion tonnes and 120 mt," Chopra sa.
id, addressing an event organised
by the federation

Chopra said the final figure is
likely to fall between these esti-
mates. He sald government whe-
ar procurement has reached 16.4
mt, with target raised to 44.5 mt
from 30 mt

Procurement goals have been in
creased across Madhya Pradesh,
Uttar Pradesh, Rajasthan, Bihar
and Uttarakhand, with norms ea-
sed in all except Uttarakhand to
facilitate buying.

The Centre has also cleared pha-
sed exports of 5mtof wheat and 1
mt of wheat products, though
shipments have remained subdu.
ed due to pricing constraints

Source: The Economic Times
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Wheat output may drop
to 110-120 mt

The projected decline in India’s wheat output to 110-120 million
tonnes is not merely a seasonal aberration—it is a structural
warning. It signals that prevailing Indian wheat varieties lack
sufficient climate resilience, particularly the genetic capacity to
withstand rising temperature shocks and unseasonal weather | T
events under an accelerating climate change regime. D e

wember 2033 wnider RIHS

(Z

At this critical juncture, India must transition from reactive adjustments
to anticipatory agricultural planning:

« Systematically capture and document climate-induced shifts

« Deploy Al-enabled crop intelligence for real-time advisories

* Promote region-specific crop diversification strategies

* Incentivize climate-resilient crops aligned with future conditions

] Source: Agriculture & Food agrifoodmagazine.co.in



https://www.agrifoodmagazine.co.in/

National Priorities for Grand Challenges in Agriculture-India

National Priority Grand Challenge Focus

1) Farmers Income 200%
2) Reducing Fertilizer Use  25%

3) Increasing Renewable  50%
Energy Use (Green Energy)

4) Reducing GHGs 45%
Emission Intensity (Paris
Agreement)

5) Rehabilitation of 26 M ha
Degraded Lands by 2030
(UNCCD)

é) Agri. Exports (Startups)  200%

7) Cooperative Farming 10000
(FPOs)

1) Climate Change

2) Food for Health and SDGs

4) Small Farm Mechanization

5) Secondary Agriculture (Process/Value)
6) Water Crisis/Biodiversity Conservation
7) Net Zero Emissions (2070)

8) Implementation of NEP/Skill India

?) Agri Job Creation-Value Chains

10) Food Loss Reduction

11) Efficiency of Human
Resources/Gender

12) Resources/Collaborations/Networks
IARI
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Areas Needing Exploration

Crop Diversification: Encouraging farmers to diversify their crops can help
reduce dependence on fraditional crops and increase profitability.

Value-Added Products: Focusing on value-added products, such as
processed foods and agri-exports, can enhance farmer incomes.

Climate-Resilient Agriculture: Developing climate-resilient agricultural
practices can help mitigate the impact of climate change.
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Adaptation to climate change: R,D&l

1. Understand past changes and past adaptation, improve systems
understanding, quantifying impact of change

2. Understand future climate change (regional downscaling,
uncertainty & risk management)

3. Specific breeding:

— Increase WUE (also good nowl)
— Increase heat resistance (more critical in future)
— Maximise benefits from elevated CO?2 (ignored in pastl)
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4. Seasonal forecasts (rainfall,
extreme T) - is needed now, but
even more critical in future

5. Thresholds & critical events (e.g.
more or less erosion with climate
change?); new weeds, pests &
diseases

6. Communicate with farmers what
we know & do not know
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Seeing nothing;
hearing nothing;
& doing nothing

IS NO longer an option
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